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PATENT APPLICATION IN THE U.S. PATENT AND TRADEMARK OFFICE 

for 

Electronic Musical Instrument 

» 

Cross-reference to Related Applications 
[0001] The present invention relates to and claims priority from Japanese Patent 
Application Nos. 2003-185667, filed June 27, 2003, and 2003-7218, filed January 15, 2003, each 
of which are incorporated by reference herein in their entireties. 

Background 

1 . Field of the Invention 

[0002] The present invention relates to an electronic musical instrument and, in 
particular, to an electronic musical instrument with which it is possible for musical tones that a 
user has performed to be reproduced and saved in units in which the breaks are musically 
satisfactory. 

2. Description of the Prior Art 

[0003] Electronic musical instruments are known which save or reproduce performance 
information at a specified address or at a specified time prior to the issuance of an instruction 
from a user who stores performance information during a specified period of time. (See 
Japanese Unexamined Patent Application Publication (Kokai) Number Hei 6-348260, the "'260 
application"). In addition, electronic musical instruments are also known that are furnished with 
an automatic performance capability with which the musical tones that have been stored in 
advance are generated and automatically performed in conformance with the tempo that has been 
set by the user. In those cases where the user saves or reproduces the musical tones that have 
been performed or saves or reproduces the performance information, it is preferable that the 
saving or reproduction be started and ended in units in which the breaks are musically 
satisfactory such as units of beats or bars. 

[0004] However, with the electronic musical instrument cited in the '260 application, 
since the starting or ending of the saving or reproduction is not done in units in which the breaks 
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are musically satisfactory, the user must carry out the adjustment of the relevant start position or 
end position him or herself 



Summary 

[0005] The present invention solves the problem discussed above and has as its object an 
electronic musical instrument with which it is possible to carry out the reproduction or saving 
and the like of the musical tones that the user has performed in units in which the breaks are 
musically satisfactory. 

[0006] Embodiments of the electronic musical instrument include tempo setting means 
for setting a tempo; input means for inputting musical tones; musical tone storage means for 
storing sequentially at a specified sampling period the musical tones that have been input by the 
input means ; time information storage means for storing in conformance with a timing that 
corresponds to the tempo that has been set by the tempo setting means time information for the 
musical tones that have been stored in the musical tone storage means; and readout means for 
readout of the musical tones stored in the musical tone storage means based on the time 
information stored in the time information storage means. 

[0007] According to embodiments of the electronic musical instrument, when the 
musical tones are input by the input means, the musical tones that have been input are stored 
sequentially to the musical tone storage means at a specified sampling period. The time 
information for the amplitude value of the musical tone is stored in the time information storage 
means in conformance with the timing that corresponds to the tempo that has been set by the 
tempo setting means. The readout start means starts the readout of the musical tones that have 
been stored in the musical tone storage means based on the time information that is stored in the 
time information storage means. 

[0008] According to embodiments of the electronic musical instrument the readout start 
means may include storage address acquisition means for acquiring a storage address that 
corresponds to the time information of the musical tones based on the time information stored in 
the time information storage means and the sampling period. The readout of the musical tones 
that have been stored in the musical tone storage means may be started based on the storage 
address acquired by the storage address acquisition means. 

[0009] The electronic musical instrument may further include instruction means for 
instructing acquisition of the storage address by the storage address acquisition means, wherein 
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the storage address acquisition means acquires the storage address that corresponds to the time 
information for the musical tones when the instruction means instructs acquisition of the storage 
address based on instruction time information acquired in conformance with a timing of the 
instruction, the storage address that corresponds to the instruction time information, the time 
information stored in the time information storage means, and the sampling period. 

[0010] The electronic musical instrument may further include a saving means for saving, 
in units based on the storage address acquired by the storage address acquisition means, the 
musical tones that are stored in the musical tone storage means. 

[001 1] An electronic musical instrument according to embodiments of the present 
invention may include tempo setting means for setting a tempo; input means for inputting 
musical tones; musical tone storage means for sequentially storing at a specified sampling period 
the musical tones that have been input by the input means; address storage means for storing, in 
conformance with a timing that corresponds to the tempo that has been set by the tempo setting 
means, the storage address of the musical tone that is stored in the musical tone storage means ; 
and readout start means for readout of the musical tones stored in the musical tone storage means 
based on the address stored in the address storage means. 

[0012] According to embodiments of the present invention, when the musical tones are 
input by the input means, the musical tones that have been input may be stored sequentially to 
the musical tone storage means at a specified sampling period. The storage address of the 
musical tones may be stored in the address storage means in conformance with the timing that 
corresponds to the tempo that has been set by the tempo setting means and the readout start 
means may start the readout of the musical tones that are stored in the musical tone storage 
means based on the address that is stored in the address storage means. 

[0013] The electronic musical instrument may further include saving means for saving, in 
units based on the storage address stored in the address storage means, the musical tones stored 
in the musical tone storage means. 

[0014] The electronic musical instrument may further include waveform display means 
for displaying waveforms of the musical tones input by the previously mentioned input means; 
and timing display for displaying, at a position that corresponds to the timing that conforms to 
the tempo that has been set in the tempo setting means, the waveforms of the musical tones 
displayed by the waveform display means. 
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[0015] According to embodiments of the electronic musical instrument, the timing that 
corresponds to the tempo that has been set by the tempo setting means may be a beat or a bar. 

[0016] The electronic musical instrument may further include reporting means for 
reporting the timing that corresponds to the tempo that has been set by the tempo setting means. 
The reporting means may read performance data and automatically perform in conformance with 
the tempo that is set by the tempo setting means. 

[0017] According to embodiments of the electronic musical instrument of the present 
invention, the time information or the storage address for the musical tones that have been input 
from the input means and stored in the musical tone storage means are stored in the time 
information storage means or the address storage means, respectively, in conformance with the 
timing that corresponds to the tempo that has been set. Therefore, it is possible to read out the 
musical tones that have been stored in units for which the break is musically satisfactory (in 
particular, a beat or a bar) by starting the readout of the musical tones based on the time 
information that is stored in the time information storage means or the address that is stored in 
the address storage means. Accordingly, there is the advantageous result that it is possible to 
carry out the reproduction or saving in a unit for which the break is musically satisfactory 
without difficulty to the user by carrying out the reproduction or saving of the musical tone based 
on the readout. 

[0018] In addition, according to embodiments of the electronic musical instrument of the 
present invention, since, in the saving means, the saving of the musical tones that have been 
stored in the musical tone storage means is done in a unit that is based on the time information 
that is stored in the time information storage means or the address that is stored in the address 
storage means, there is the advantageous result that musical tones can be saved in units for which 
the breaks are musically satisfactory (in particular, a beat or a bar). Also, a reproduction means 
with which the musical tones that are stored in the relevant musical tone storage means are 
reproduced in a unit based on the time information in the relevant time information storage 
means, or the address that is stored in the previously mentioned address storage means may be 
provided instead of the saving means or together with the saving means. 

[0019] Furthermore, according to embodiments of the electronic musical instrument of 
the present invention, the storage address is acquired based on the time information that is stored 
by the time information storage means. For example, the storage address is acquired by means 
of a calculation based on the timing information, the instruction time information that 
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corresponds to the instruction timing from the instruction means (such as an operator and the 
like), and the storage address that corresponds to the instruction time information. Therefore, 
even in those cases where there has been a shift of the storage address caused by memory 
optimization processing and the like during the storage (during the recording), there is no need to 
update the storage address at those times. Accordingly, there is the advantageous result that 
processing in the CPU during recording processing, which is rigorous, becomes convenient and 
it is possible to maintain stable operation. 

[0020] In addition, according to embodiments of the electronic musical instrument of the 
present invention, the timing display means provides a display for the waveform of the input 
musical tone that is displayed in the waveform display means under a specified condition (for 
example, grid lines of various thicknesses) at a position that corresponds to the timing that 
conforms to the tempo that has been set by the tempo setting means. Therefore, a position that is 
a musically satisfactory break for the musical tones (for example, a position that corresponds to a 
beat or a bar break) becomes easy to recognize visually. Accordingly, since it is easy to visually 
recognize the timing for the break, there is the advantageous result that a start point (start 
address) and an end point (end address) that are set for the reproduction and saving units can be 
set optimally. In addition, if it is set up such that the start position for the readout can be 
changed manually after the end of the recording (the storage), it is possible to optimize the 
position of the readout break. 

[0021] Furthermore, according to embodiments of the electronic musical instrument of 
the present invention, since the reporting means reports the timing that corresponds to the tempo 
that has been set by the tempo setting means, there is the advantageous result that a musical 
break is reported to the user and it is possible to facilitate a performance that matches the timing 
of the break. Also, with regard to the reporting means, an LED that lights at the relevant timing 
and an automatic performance means with which the performance is carried out at the relevant 
timing can be given as examples. 

[0022] According to embodiments of the electronic musical instrument of the present 
invention, since the reporting means reads out the performance data that are stored and carries 
out an automatic performance in conformance with the tempo that is set, there is the 
advantageous result that, due to the fact that user performs in conformance with the relevant 
automatic performance, it is possible for the storage to the musical tone storage means to be done 
at a timing for which the break in the performance of the user is musically satisfactory. 
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Brief Description of the Drawings 
[0023] A detailed description of embodiments of the invention will be made with 
reference to the accompanying drawings, wherein like numerals designate corresponding parts in 
the several figures. 

[0024] Fig. 1 is a block drawing that shows the electrical configuration of the electronic 
musical instrument that is a first preferred embodiment of the present invention; 

[0025] Fig. 2 is a front elevation drawing of the operating panel of the electronic musical 
instrument; 

[0026] Fig. 3 is a drawing that schematically shows the waveform display portion that is 
displayed on the display device of the operating panel; 

[0027] Fig. 4 is an outline structural drawing if the beat address table; 

[0028] Fig. 5 is a flowchart of the main processing that is executed by the CPU; 

[0029] Fig. 6 is a flowchart of the automatic performance processing that is repeatedly 
executed at the tick period by the interrupt processing of the CPU; 

[0030] Fig. 7 is a flowchart of the musical tone data processing that is repeatedly 
executed at the sampling period of 44.1 kHz by the DSP; and 

[0031] Fig. 8 is an outline structural drawing of the beat time information table. 

Description of Preferred Embodiments 

[0032] In the following description of preferred embodiments, reference is made to the 
accompanying drawings which form a part hereof, and in which are shown by way of illustration 
specific embodiments in which the invention may be practiced. It is to be understood that other 
embodiments may be utilized and structural changes may be made without departing from the 
scope of the preferred embodiments of the present invention. 

[0033] Fig. 1 is a block drawing that shows the electrical configuration of the electronic 
musical instrument 1 which is one preferred embodiment of the present invention. The 
electronic musical instrument 1 has a structure that is furnished primarily with the CPU 2, the 
ROM 3, the RAM 4, the DSP 5, the keyboard 7, the operating panel 8, and the musical tone 
generator 9; and these are mutually connected by the bus line 10. The CPU 2 is a functional 
device that is the main executer of the control programs. The various types of control programs 
that are executed by the CPU 2 as well as the fixed value data that are referred to at the time that 



the control programs are executed are stored in the ROM 3. The RAM 4 is a rewriteable 
memory for the temporary storage of the various kinds of data and the working memory and the 
like for the execution of the control programs that are stored in the ROM 3 and the like. 

[0034] The DSP 5 is a functional device (a digital signal processor) for the production of 
the musical tone data of a digital signal and together with the input terminal and the A/D 
converter 6 comprises an input interface for the performance information that is input from 
musical tones that have been performed by the user and other performance devices. In other 
words, the analog signal musical tones that have been input through the input terminal are first 
converted into digital signal musical tone data by the A/D converter 6 and then the musical tone 
data are converted in conformance with the settings state of the electronic musical instrument 1 
by the DSP 5. The DSP 5 executes the musical tone data processing, which will be discussed 
later (Fig. 7), at a period (a sampling period) of 44.1 kHz. The musical tone data that are 
converted are stored to the RAM 4 and also output to the musical tone generator 9 and 
reproduced. Alternatively, the musical tone data that have been stored to the RAM 4 are read out 
and output to the musical tone generator 9 and reproduced. 

[0035] The keyboard 7 is furnished with a plurality of keys and carries out the start, the 
stop, and the like of the generation of the musical tones that have been assigned to each of the 
keys. The operating panel 8 is a device for carrying out each of the various settings and 
operations and, together with this, displaying the setting and operating condition of the electronic 
musical instrument 1 and is furnished with the various kinds of switches 80 through 89 as well as 
the display device 90 and the LED 91. The operating panel 8 will be discussed in detail later 
while referring to Fig. 2. 

[0036] The musical tone generator 9 is a device with which the musical tone data that are 
based on and correspond to automatic performance processing and the pressing or the releasing 
operation of the keys of the keyboard 7 are read out and output or with which the musical tone 
data that have been input from the input terminal and produced by the DSP 5 are output. The 
D/A converter 1 1 is connected to the musical tone generator 9 and the speaker 12, with which the 
analog signal musical tones are emitted and output, is connected to the D/A converter 11. 
Therefore, the digital signal musical tone data that have been output from the musical tone 
generator 9 are emitted and output from the speaker 12 after being converted into analog signal 
musical tones by the D/A converter 1 1 . 
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[0037] Fig. 2 is a frontal elevation drawing of the operating panel 8 of the electronic 
musical instrument 1 . The operating panel 8 is provided with the skip-back button 80, the 
preview button 81, the address change button 82, the save button 83, the exit button 84, the skip- 
back amount knob 85, the start button 86, the stop button 87, the tempo knob 88, the 
performance selection button 89, the display device 90, the LED 91, and the pads 92 comprising 
a plurality of pads. 

[0038] The skip-back button 80 is a button for the instruction of the start of the skip-back 
operation that carries out the reproduction and saving of the musical tone data that have been 
stored to the ring buffer in the RAM 4. When the skip-back button 80 is operated, the recording 
mode is stopped and together with this, the musical tone data that have been stored are displayed 
as waveforms on the display device 90. The ring buffer will be discussed later. 

[0039] Fig. 3 is a drawing that shows schematically the waveform display section that is 
displayed on the display device 90 of the operating panel 8 and together with the waveforms (the 
musical tone data) 90a that have been recorded (stored), the grid line (the break line) 90d that 
indicates the position that corresponds to the beat, the start point cursor 90b, and the end point 
cursor 90c are displayed. Here, the start point cursor 90b is a cursor that indicates the 
reproduction start position (the start address) of the waveform (the musical tone data) 90a. The 
end point cursor 90c is a cursor that indicates the reproduction end position (the end address) of 
the waveform 90a. 

[0040] The preview button 81 is a button for the instruction of the reproduction of the 
musical tone data that have been stored to the ring buffer and, by means of the operation of the 
preview button 81, the musical tone data are reproduced from the start point that is indicated by 
the start point cursor 90b on the display device 90 to the end point that is indicated by the end 
point cursor 90c. The address change button 82 is a button for the instruction of a change in the 
position of the start point (the start address) and the end point (the end address) and is provided 
with a + button that changes both addresses in the forward direction and a - button that changes 
the addresses in the backward direction. The start point (the start address) and the end point (the 
end address) are synchronized and their addresses are changed by means of the operation of the 
address change button 82. In other words, under conditions in which the interval between the 
start point and the end point is maintained fixed, both points are changed in the forward direction 
or the backward direction. This kind of change of address that is based on the operation of the 
address change button 82 is configured in this preferred embodiment such that the change is to 
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the address of the beat unit. However, the configuration may be such that the address change can 
be for any units desired in conformance with the mode. A change in the interval between the 
start point (the start address) and the end point (the end address) is carried out by means of the 
skip-back amount knob 85. 

[0041] Also, in this preferred embodiment, the configuration is such that the start point 
and the end point are synchronized and their addresses are changed. However, the configuration 
may be such that the start point and the end point each has an address change button provided; 
and the respective addresses can each be changed independently. In this case, the amount that 
corresponds to the interval between the start point (start address) and the end point (end address) 
that have each been changed becomes the skip-back amount. 

[0042] The save button 83 is a button for the instruction of the saving of the musical tone 
data between the start address and the end address from among the musical tone data that have 
been stored to the ring buffer to a different region than the ring buffer. By means of the 
operation of the save button 83, the saving of the relevant musical tone data and a restoration to 
the recording mode that was terminated by the operation of the skip-back button 80 are carried 
out. The exit button 84 is a button for the instruction of the ending of the skip-back action and, 
by means of the operation of the exit button 84, the system is restored to the recording mode that 
was terminated by the operation of the skip-back button 80. 

[0043] The start button 86 is a button for the instruction of the start of an automatic 
performance, and the stop button 87 is a button for the instruction of the stopping of the 
automatic performance. The tempo knob 88 is a knob for setting the tempo value at the time of 
an automatic performance and the LED 91 lights at the on-the-beat timing that is determined in 
conformance with the tempo value that has been set by the tempo knob 88. Therefore, it is 
possible for a report of the on-the-beat timing to be made to the user of the electronic musical 
instrument 1 by the lighting of the LED 91. The performance selection button 89 is a button for 
selecting the performance contents for an automatic performance. In the electronic musical 
instrument 1, not only can ordinary performance patterns be prepared as the contents of an 
automatic performance but a rhythm pattern or a metronome can also be prepared. The display 
device 90 is a unit for the display of the operating state of the electronic musical instrument 1 
and,, specifically, the device displays the tempo value that has been set by the tempo knob 88, the 
skip-back amount that has been set by the skip-back knob 85, the waveforms of the musical tone 
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data that have been stored in the ring buffer of the RAM 4, and the start address and stop 
address. 

[0044] The pads 92 comprise the plurality of pads (the performance operators) to which 
the musical tone data that have been recorded are respectively assigned. The pads to which the 
assignments have been made for the musical tone data reproduce the musical tone data that have 
been assigned to that pad by an operation (for example, pressing and striking). 

[0045] Next, an explanation will be given regarding each of the processes that are 
executed by the CPU 2 and the DSP 5 while referring to the flowcharts of Fig. 5 through Fig. 7. 
First, before explaining these processes, an explanation will be given of the structure of the RAM 
4 and of the flags and the like that are used by each of the processes. 

[0046] The ring buffer is memory to which the amplitude values (PCM) for the musical 
tones that are performed by the user and input from the input terminal and have been sampled are 
sequentially written and is provided in the RAM 4. The writing and the reproduction are carried 
out by the DSP 5. The writing of the musical tone data to the ring buffer is carried out 
sequentially from the lead address of the ring buffer and, when the writing has reached the last 
address, the writing returns to the lead address of the ring buffer and continues to write again 
from the lead address. Incidentally, the ring buffer of the electronic musical instrument 1 of this 
preferred embodiment possesses enough capacity to store the musical tone data at the lowest 
tempo that can be set by the tempo knob 88 and the largest skip-back amount (24 beats in this 
preferred embodiment) that can be set by the skip-back amount knob 85. 

[0047] The musical tone data processing flag is a flag that indicates the current 
processing contents and takes a value of "0 to 2." The musical tone data processing flag value of 
"0" indicates that the musical tone data are being stored (the recording mode), and "1" indicates 
the fact that the musical tone data are being reproduced. A value of "2" indicates the fact that the 
musical tone data are neither being stored nor being reproduced. The musical tone data 
processing flag is referred to in the processing that is shown in the flowcharts of Fig. 5 and Fig. 7 
which will be discussed later. In other words, the flag is referred to by the CPU 2 and the DSP 5. 

[0048] The counter is a unit with which the beat units are counted. In the automatic 
performance processing of Fig. 6, in those cases where the value of the beat counter is "0," one 
count at a time is added; and when the value after the addition exceeds the maximum value 
(MB), the counter returns once more to "0." In other words, the counter is updated in the range 
of "0 to the maximum value (MB)." The counter value corresponds to the table number of the 
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beat address table 30 that is shown in Fig. 4. The beat address table 30 of Fig. 4 is an address 
table in which each on-the-beat address of the musical tone data that are stored in the ring buffer 
is stored. In the electronic musical instrument 1 of this preferred embodiment, since the skip- 
back amount that can be set using the skip-back amount knob 85 is a maximum of 24 beats, the 
maximum value of the beat address table 30 (MB) is set to a value that is sufficiently larger than 
24. In addition, the save counter saves the value of the counter when the recording mode is 
stopped by the operation of the skip-back button 80 and the start address and stop address are 
derived based on the value of the save counter. 

[0049] The skip-back amount indicates the interval between the start address and the stop 
address in beat units and is set by means of the skip-back amount knob 85. The maximum value 
is 24 beats. The skip-back amount is referred to in the main processing of Fig. 5. The address 
change amount indicates the amount of the change in the address that is set by the address 
change button 82 in beat units and is referred to in the main processing of Fig. 5. 

[0050] The storage address indicates the address of the ring buffer in which the musical 
tone data are stored and, in accordance with the musical tone data of Fig. 7, is updated by the 
interval from the lead address to the end address of the ring buffer. The reproduction address 
indicates the address of the ring buffer in which the musical tone data are reproduced and, in the 
same manner as the storage address, is updated by the interval from the lead address to the end 
address of the ring buffer. When the start address is set at the time of the reproduction of the 
musical tone data that have been stored and the reproduction address is updated up to the stop 
address, the reproduction processing stops. The performance flag is a flag that indicates whether 
or not it is in the midst of an automatic performance and when the flag is "1," it indicates it is 
during a performance; whereas, when the flag is "0," it indicates that the performance is halted. 
The performance flag is set or reset in the main processing of Fig. 5 and is referred to in the 
automatic performance processing of Fig. 6. 

[0051] The variable t is a variable that indicates the performance time and its units are 
ticks. Here, a tick is the time interval in which one beat has been divided into 96 parts and the 
number of beats per minute is dependent on the tempo. The beat counter is a counter for 
counting one beat and 1 is subtracted for each tick. Therefore, since the maximum value of the 
beat counter is "96," the beat counter is updated one count in the subtractive direction in a range 
of "0 to 96." In addition, the timing at which the value of the beat counter becomes "0" is made 
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the on-the-beat timing, and the automatic performance is started based on the value of the beat 
counter having become "0." 

[0052] Fig. 5 is a flowchart of the main processing that is executed by the CPU 2. The 
main processing is usually executed after the power to the electronic musical instrument 1 is 
turned on until it is turned off, except during the execution of the interrupt processing. 

[0053] In the main processing, first, each of the various flags and memories is initialized 
(SI 00). In particular, a "0" is written to the musical tone data processing flag, the recording 
mode for the musical tone data is set, and an instruction is issued to the DSP 5 to begin 
recording. In addition, together with writing a "0" to both the beat counter and the counter, the 
performance flag is made "0" and the automatic performance is set as being halted. Also, an 
instruction is issued to start the automatic performance processing, which is interrupt processing. 
At this time, since the launch interval for the automatic performance processing matches the tick 
cycle, the tempo value, which is the setting value of the tempo knob 88, is read and the launch 
interval for the automatic performance processing is set. By this means, the timer interrupt 
processing (the automatic performance processing of Fig. 6) is started at the tick cycle. Also, at 
this point in time, the beats are counted by the counting of the ticks, and the LED is lit at the beat 
timing, but the automatic performance is not carried out. The automatic performance is started 
when the operation of the start button is detected in SI 24. In other words, in this preferred 
embodiment, the recording is started together with the turning on of the power and together with 
the beats that conform to the tempo that has been set being stepped off. 

[0054] Next, whether or not the musical tone data processing flag is "0" is ascertained 
(SI 02); and, if the flag is "0" (SI 02: yes), since the musical tone data are being stored (the 
recording mode), the processing proceeds to SI 04 in the relevant case and whether or not there 
has been an operation of the skip-back button 80 is ascertained (S104). If there has been an 
operation of the skip-back button (SI 04: yes), the recording mode stops. Therefore, in the 
relevant case, the performance flag is made "0," and the automatic performance is halted; and the 
musical tone data processing flag is made "2," and the storage and reproduction of the musical 
tone data are halted. In addition, the counter value is saved to the save counter, the start address 
and the stop address are set based on the value of the save counter, the address change amount 
having been made "0," a waveform display appears on the display device 90 together with the 
start address and the stop address for the musical tone data that are stored in the ring buffer 
(SI 06), and the processing proceeds to SI 08. 

015.617572.1 



[0055] Here, the address that is stored in the beat address table 30 that corresponds to the 
variable i is set to the start address. The variable i is derived by: 

{the save counter value} - 1 - {the skip-back amount}. 

[0056] However, it should be noted that, in those cases where the variable i that has been 
derived is negative, the variable i is made the value of: 

{the variable i} + MB. 

[0057] This is because the beat address table 30 is a table in which each on-the-beat 
address for the musical tone data that have been stored in the ring buffer is stored. In addition, 
the address of: 

{the address that is stored in the beat address table 30 that 
corresponds to the variable i} - 1 

is set to the stop address. In this case, the variable i is: 

{the save counter value} - 1 . 

[0058] However, it should be noted that in those cases where the variable i equals 0, the 
variable i is made the MB. By means of the above, the final address of the beat that is the one 
prior to the time of operation of the skip-back button 80 is set as the stop address, and the start 
address is set on the beat prior to a portion that is the amount of the skip-back from the stop 
address. 

[0059] On the other hand, in the processing of SI 02, if the musical tone data processing 
flag is not "0" (SI 02: no), in other words, in those cases where the musical tone data processing 
flag is "1 or 2," the processing proceeds to SI 08. 

[0060] In the processing of SI 08, the operation of the preview button 81 is ascertained 
(SI 08). If the preview button 81 has been operated (SI 08: yes), since this instructs the 
reproduction of the musical tone data that have been stored to the ring buffer, the start address is 
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set to the reproduction address, the value of the beat counter is made "0," and, in addition, the 
musical tone data processing flag is made "1," and the DSP 5 is instructed to start the 
reproduction of the musical tone data (SI 10) By this means, the musical tone data are reproduced 
from the start address, which has been set to the reproduction address, to the stop address by the 
musical tone data processing of Fig. 7. In addition, since the value of the beat counter is made 
"0" at the time of starting the reproduction, it is possible to synchronize the lighting timing of the 
LED 91 with the musical tone data that are reproduced by means of the automatic performance 
processing of Fig. 6. 

[0061] In the processing of SI 12, the operation of the address change button 82 or the 
skip-back amount knob 85 is ascertained (SI 12). If either of the buttons 82 or 85 have been 
operated (SI 12: yes), first the musical tone data processing flag is made "2" and the reproduction 
of the musical tone data is halted. Then, the start address and the end address are updated based 
on the address change amount that has been updated if the address change button 82 is the one 
that has been operated; or, on the other hand, with the address change amount as it is if the skip- 
back amount knob 85 is the one that has been operated and a waveform display appears on the 
display device 90 together with the start address and the stop address for the musical tone data 
that are stored in the ring buffer (SI 14). 

[0062] Here, the address change amount after the change is arrived at by: 

{the address change amount} + {the value indicated by the address 
change button 82 (in other words, "+1" or "-1")}. 

[0063] If this is in a range where: 

{24 (which is the maximum skip-back amount) +1 - MB} < {the 
address change amount after the change} < 0, 

[0064] the address change amount is updated as the new address change amount and, if 
this is outside this range, the operation of the address change button 82 is ignored. 

[0065] The address that is stored in the beat address table 30 that corresponds to the 
variable i is set to the start address based on the address change amount after the update. The 
variable i is derived by: 
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{ the save counter value} - 1 - {the skip-back amount} + {the 
address change amount}. 

[0066] However, it should be noted that, in those cases where the variable i that has been 
derived is negative, the variable i is made the value of: 

{the variable i} + MB. 

[0067] In addition, the address of: 

{the address that is stored in the beat address table 30 that 
corresponds to the variable i} - 1 

is set to the stop address. In this case, the variable i is: 

{the save counter value} - 1 + {the address change amount}. 

[0068] However, it should be noted that in those cases where the variable i is less than or 
equal to 0, the variable i is made the MB. 

[0069] In the processing of SI 16, the operation of the save button 83 is ascertained 
(SI 16). If the save button 83 has been operated (SI 16: yes), the musical tone data from the start 
address to the end address that have been stored in the ring buffer are saved to a saving region 
that is different from the ring buffer (SI 18) and the processing proceeds to S122. In addition, in 
the processing of SI 20, the operation of the exit button 84 is ascertained (S120). If the exit 
button 84 has been operated (S120: yes), the processing proceeds to S122. In the processing of 
SI 22, the musical tone data processing flag is made "0" (SI 22) and the recording mode that was 
ended by the operation of the skip-back button 80 is returned to. Therefore, after that, the 
storage of the musical tone data to the ring buffer is started again. 

[0070] In the processing of SI 04, if the skip-back button 80 has not been operated (SI 04: 
no), the operation of the start button 86 is ascertained (S124). If the start button 86 has been 
operated (S124: yes), various kinds of settings are carried out in order to start an automatic 
performance by the electronic musical instrument 1 (S126). Specifically, the performance flag is 
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made "1," and the automatic performance is started; and, together with this, the variable t that 
indicates the performance time and the beat counter are both set to "0" and initialized. 
According to embodiments of the present invention, since the automatic performance starts on 
the beat, the address that is stored in the beat address table 30 becomes an address for which the 
break in the musical tone data is musically satisfactory. Also, for the automatic performance, a 
performance of the contents that are selected by the performance selection button 89 is carried 
out. 

[0071] In the processing of SI 28, the operation of the stop button 87 is ascertained 
(S128) and, if the stop button 87 has been operated (SI 28: yes), the performance flag is made 
"0" and the automatic performance by the electronic musical instrument 1 is halted (SI 30). A 
timer interrupt is not prohibited at this time. After this, the storage of the operating details of 
performance selection button 89 and the like are done and, after the execution of the other 
processing (SI 32), the processing returns to SI 02. Following this, each of the processes from 
SI 02 through SI 32 are repeated until the power to the electronic musical instrument 1 is cut off. 

[0072] Fig. 6 is a flowchart of the automatic performance processing that is executed in 
the interrupt processing of the CPU 2. The automatic performance processing is started by 
means of a start instruction of the main processing (SI 00) and is repeated and executed after that 
by the tick cycle. 

[0073] In the automatic performance processing, whether or not the value of the beat 
counter is "0" is first ascertained (S200) and, if the value is "0" (S200: yes), first the current 
storage address is stored to the address that corresponds to the number of the beat address table 
30 that is indicated by the counter. According to embodiments of the present invention, the 
address of the ring buffer that stores the musical tone data of the portion on the beat is stored to 
the beat address table 30 that corresponds to the value of the counter. In addition, the value of 
the beat counter is made a maximum value of "96," the value of the counter is updated with "+1" 
and, in addition, the LED 91, which should notify the user of the arrival on the beat, is lit (S202). 

[0074] If the value of the counter following the update is the MB, which is the maximum 
value of the counter or less (S204: no), the processing proceeds as it is to S207; whereas, on the 
other hand, if the MB has been exceeded (S204: yes), the value of the counter is made "0" and, 
after the initialization (S206), the processing proceeds to S207. 

[0075] In the processing of S207, subtraction is performed with "-1" applied to the value 
of the beat counter and if, after the subtraction, the value of the beat counter is less than "80" 
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(S208: yes), the LED 91 that was lit in the processing of S202 is extinguished (S209). After the 
extinguishing of the LED 91 , or in those cases where the value of the beat counter is "80" or 
greater (S208: no), whether the performance flag is "1" is ascertained (S210) and if the 
performance flag is not "1" but is "0" (S210; no), the automatic performance processing on this 
occasion ends. 

[0076] On the other hand, if the performance flag is "1" (S210: yes), since the system is 
in the midst of an automatic performance, whether there is performance information that is to be 
reproduced at the variable t, which is the current time, in the performance data that are being 
performed is ascertained (S212). If there is performance information that is to be reproduced 
(S212: yes), the performance information is reproduced (S214). After the reproduction of the 
performance information or in those cases where there is no performance information that is to 
be reproduced at the variable t (S212: no), the variable t is updated with (S216). If the 
variable t after the update is over the maximum time of the performance data (S218: yes), the 
variable t is initialized as "0" (S220) and, on the other hand, if the variable is not over (S218: 
no), the variable t after the update is left as it is and the automatic performance processing on this 
occasion ends. 

[0077] Fig. 7 is a flowchart of the musical tone data processing that is repeatedly 
executed at the sampling period of 44.1 kHz. In the musical tone data processing, first the value 
of the musical tone data processing flag is ascertained (S300).and, if the flag is "0" (S300: 0), by 
means of each of the processes of S302 through S308 that follow, the musical tone data that have 
been sampled from the performance of the user are stored to the address in the ring buffer that 
the storage address indicates. In other words, the storage processing of the musical tone data to 
the ring buffer is executed. 

[0078] In the storage processing, first the musical tone data are stored to the address in 
the ring buffer that the storage address indicates (S302) and the value of the storage address is 
updated with "+ 1" (S304). If the value of the storage address after the update exceeds the 
maximum address value of the ring buffer (S306: yes), the lead address of the ring buffer is 
written to the storage address (S308) and the musical tone data processing on this occasion ends. 
On the other hand, if the value of the storage address after the update does not exceed the 
maximum address value of the ring buffer (S306: no), the musical tone data processing on this 
occasion ends as it is. 
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[0079] In the processing of S300, if the value of the musical tone data processing flag is 
"1" (S300: 1), by means of each of the processes of S310 through S320 that follow, the musical 
tone data that have been stored in the ring buffer are reproduced once from the start address to 
the stop address. In other words, the reproduction processing of the musical tone data that have 
been stored is executed. Also, the reproduction processing is started from the state in which the 
start address has been set to the reproduction address (SI 10 of Fig. 5). 

[0080] In the reproduction processing, first the musical tone data that are stored at the 
reproduction address are reproduced (S3 10) and whether the reproduction address matches the 
stop address is ascertained (S3 12). If the reproduction address does not match the stop address 
(S3 12: no), the reproduction address is updated with "+1" (S3 16). If the value of the 
reproduction address after the update exceeds the maximum address value of the ring buffer 
(S3 18: yes), the lead address of the ring buffer is written to the reproduction address (S320) and 
the musical tone data processing on this occasion ends. On the other hand, if the value of the 
reproduction address after the update does not exceed the maximum address value of the ring 
buffer (S3 18: no), the musical tone data processing ends as it is. In addition, in the processing of 
S3 12, if the reproduction address matches the stop address (S3 12: yes), since the reproduction 
from the start address to the stop address has ended, in the relevant case, the musical tone data 
processing flag is set to "2," the reproduction mode is ended and the musical tone data 
processing on this occasion ends. 

[0081] In addition, in the processing of S300, if the value of the musical tone data 
processing flag is "2" (S300: 2), since the system is in neither the storage mode (the recording 
mode) nor the reproduction mode, the musical tone data processing on this occasion ends 
without executing either the storage processing or the reproduction processing. 

[0082] As has been explained above, since the electronic musical instrument 1 of this 
preferred embodiment sets the beat counter, which counts by one beat, to a value of "0," which 
indicates the start time of the automatic performance on the beat, it is possible to start the 
automatic performance on the beat. Moreover, since for each time that the beat counter becomes 
"0," the storage address of the musical tone data that have been stored at that timing is stored to 
the beat address table 30, it is possible for an address for which the break in the musical tone data 
is musically satisfactory (an address on the beat) to be stored in the beat address table 30. 
Therefore, by carrying out the reproduction from the address that is stored in the beat address 
table 30 or by carrying out the reproduction and saving by address units that are stored in the 
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beat address table 30, it is possible to carry out the reproduction on the beat or to carry out a beat 
unit reproduction and saving. Therefore, it is possible to carry out the reproduction from a 
location at which the break is musically satisfactory or to carry out the reproduction and saving 
in units in which the break is musically satisfactory. In addition, by lighting the LED 91 at a 
timing that arrives on the beat, it is possible to silently report the timing to the performer of the 
electronic musical instrument 1 . 

[0083] Next, an explanation will be given regarding a second preferred embodiment of 
the electronic musical instrument 1 of the present invention while referring to Fig. 8. In the first 
preferred embodiment described above, each storage address on the beat of the musical tone data 
is stored in the beat address table 30. Instead of this, in the second preferred embodiment, an 
absolute time that is measured by a timer that is not shown in the drawing (a time that is 
measured from the time that the power to the electronic musical instrument 1 is turned on) is 
acquired for each count of one beat by the beat counter and the absolute time that has been 
acquired is stored in the beat time information table 300 (Fig. 8). Also, the portions that are 
identical to those in the previously mentioned first preferred embodiment have been assigned the 
same keys and their explanation will be omitted. 

[0084] Fig. 8 shows the beat time information table 300. In the beat time information 
table 300, the absolute time that is measured for each count of one beat by the counter, i.e., for 
each time that the beat counter indicates "0," is stored to each table number that corresponds to 
the value of the beat counter. 

[0085] Therefore, since by means of the beat time information table 300, an absolute 
time is stored each time a beat is counted, it is possible to calculate the time that is required to 
count one beat. Accordingly, based on the time required for one beat and the sampling 
frequency (or the sampling period), it is possible to obtain the number of samples that have been 
sampled during the time that one beat has been counted, i.e., the storage address amount that is 
equivalent to the portion for one beat, by means of a computation. By this means, the beat unit 
skip-back amount can also be calculated. 

[0086] In the case of the second preferred embodiment also, in the same manner as in the 
case of the first preferred embodiment, when the skip-back button 80 is operated during the 
storage of the musical tone data (in the recording mode), the recording mode ends and, together 
with this, the processing of SI 06 of the main processing (Fig. 4) is carried out. Here, in the 
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second preferred embodiment, the start address and the stop address are set based on the absolute 
time that has been acquired by the operation of the skip-back button 80 and the storage address. 

[0087] The storage address that corresponds to the absolute time that has been stored in 
the beat time information table 300 is derived by means of a computation, and the address in 
which the storage address that has been obtained by the computation has been decreased by "1" is 
set to the stop address. Here, the storage address that corresponds to the absolute time that has 
been stored last in the beat time information table 300 is obtained by computation using the time 
lapse from the absolute time that has been stored last in the beat time information table 300 (the 
absolute time that is stored for the table number that equals the value of the save counter) to the 
point in time of the operation of the skip-back button 80, the storage address that corresponds to 
the time of operation of the skip-back button 80, and the sampling frequency. 

[0088] The address, in which the address amount that is equivalent to the beat unit skip- 
back amount that has been set by the operation of the skip-back amount knob 85 is subtracted 
from the stop address that has been obtained as discussed above, is set to the start address. 

[0089] As discussed above, due to the fact that the beginning position of each beat in the 
musical tone data is stored as an absolute time and the storage addresses including the start 
address and the stop address and the like are acquired by means of the computation based on the 
absolute times, even in those cases where there has been a shift in the storage address caused by 
the optimization of the memory and the like, there is no need to update the address table at that 
time. Accordingly, in particular, during the recording processing in which the CPU 2 processing 
becomes demanding also, there is no need to update the address table and it is possible to 
maintain stable operation. 

[0090] The ring buffer corresponds to a musical tone storage means. Also, two kind of 
processing correspond to the readout start means. When musical tone data is reproduced, the 
musical tone data readout processing is the processing in which the start address is set to the 
reproduction address at the time of the reproduction of the musical tone data (SI 10) and the 
processing in which the musical tone data are reproduced from the reproduction address (S3 10) 
When musical tone data is saved, the musical tone data readout processing in the musical tone 
data saving processing is the processing in which the musical tone data are saved from the start 
address at the time of the saving of the musical tone data (SI 18). 

[0091] The processing in which the start address and the stop address are set based on the 
absolute time that has been acquired by the operation of the skip-back button 80 and the storage 
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address in the processing of SI 06 of the second preferred embodiment corresponds to a storage 
address acquisition means. 

[0092] The musical tone data saving processing in which the musical tone data are stored 
from the start address to the stop address (SI 18) corresponds to a saving means. 

[0093] The processing of S 1 14 in which a waveform display appears on the display 
device 90 together with the start address and the stop address for the musical tone data that are 
stored in the ring buffer corresponds to a waveform display means. 

[0094] An explanation has been given above of the present invention based on preferred 
embodiments but the present invention is in no way limited to the preferred embodiments 
described above. Various kinds of improvements and modifications are possible that do not 
deviate from and are within the scope of the present invention. 

[0095] For example, in the preferred embodiments described above, the configuration is 
such that the reproduction or the saving of the musical tone data is carried out in beat units based 
on the beat position information. However, instead of this it can be configured such that this is 
carried out in bar units, which are units that are greater than the beat units. In other words, it 
may be set up such that the reproduction of the musical tone data may be carried out from the 
start of the bar or may be set up such that reproduction and saving of the musical tone data are 
carried out in bar units. In those cases where the reproduction and saving of the musical tone 
data are carried out in bar units, instead of the beat address table 30 or the beat time information 
table 300 in which the storage addresses that have been acquired in beat units are stored in the 
preferred embodiments described above, the configuration may be such that a bar address table 
in which the storage addresses that correspond to each bar break for the musical tone data are 
stored or a bar time information table in which the absolute times that correspond to each bar 
break are stored are provided. In addition, in order to store the storage addresses in the bar 
address table or the bar absolute time table, instead of the beat counter or together with the beat 
counter, the system may be arranged with a bar counter that counts one bar and together with the 
automatic performance being started from the value that the bar counter indicates to be the 
beginning of the bar, acquires the storage address of the musical tone data that is stored at the 
timing, which is the value that the bar counter indicated is the beginning of the bar. 

[0096] Or, the configuration may be such that the bar break information is calculated 
based on the beat position information that is stored in the beat address table 30 or the beat time 
information table 300 and the musical tone data beat information (for example, such as 4/4 beats 

21 

015.617572.1 



and the like) and the processing is carried out in bar units based on the bar break information. As 
described above, by means of carrying out the reproduction or the saving of the musical tone 
data in bar units, which are greater than beat units, since it is possible to do the reproduction or 
the saving in units that are musically consistent, it is convenient from the standpoint of carrying 
out the work involved, in addition, in the electronic musical instrument 1, the configuration may 
be such that either processing with beat units, which are small units, or processing with bar units 
can be employed or it may also be configured such that both kinds of processing are used in 
parallel, and the configuration may be such that the processing of the two is switched as desired. 

[0097] In addition, in the preferred embodiments described above, the start address and 
the stop address have been set based on the address that is stored in the beat address table 30. In 
particular, the start address is set (SI 06, SI 14) based on the address that is stored in the beat 
address table 30 and the stop address is set to the address which is the address that is stored in the 
beat address table minus a (a is 1 in the preferred embodiment). In contrast to this, it may be set 
up such that the stop address is set based on the address that is stored in the beat address table 30 
and the start address may be set to the address which is the address that is stored in the beat 
address table plus (8 (/3 may be, for example, 1). In addition, it may also be set up such that the 
start address is set to the address of the portion that goes from silence to having sound that is 
immediately adjacent to the address that is stored in the beat address table 30 and the address of 
the portion that goes from having sound to silence that is immediately adjacent to the address 
that is stored in the beat address table 30 is set as the stop address. 

[0098] In addition, both the start address and the stop address are set based on the address 
that is stored in the beat address table 30. However, instead of this, it may be set up such that 
only either the start address or the stop address is set based on the address that is stored in the 
beat address table 30, and the other address is derived from the sampling frequency and the 
tempo value. 

[0099] In addition, in the preferred embodiments described above the configuration is 
such that the beat position information is added by the storage of the lead address of each beat of 
the musical tone data in the beat address table 30 in conformance with the tempo. However, it 
may also be configured such that the beat position information that has been added in accordance 
with the preferred embodiments described above can be freely revised (changed). In other 
words, it may be set up such that the lead address for each beat is altered based on the starting 
point of the musical tone data, the number of samples for the amount of one beat that is 
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calculated from the BPM (beat per minute) information that has been set by the user, and the 
sampling frequency. For example, rather than an automatic performance in conformance with 
the tempo that has been set based on the operation of the tempo knob 88, it may also be set up 
such that the BPM information is added that corresponds to the tempo in which an operator such 
as a tap button and the like has been operated by the user him or herself and, based on the BPM 
information and the sampling frequency, the beat position information is revised and added. 
According to this embodiment, it would be possible to add the beat position information that 
corresponds to a newly specified tempo even for musical tone data that have been performed and 
recorded at a tempo that conforms to the sensations of the performer. Also, it may be set up such 
that the starting point of the musical tone data is set to the point at which the input level at the 
time of recording exceeds a specified threshold, or it may also be set up such that it is possible 
for the user to instruct the start as desired. 

[00100] In addition, in the preferred embodiments described above, the saving of 
the musical tone data is carried out by means of the operation of the save button 83. However, 
instead of this, it may be set up such that in those cases where a state (a specified state) is 
detected in which the amplitude value of the musical tone data is at a specified value or less and, 
moreover, that condition continues for a specified period of time, the address at which the 
amplitude value had become the specified value or less is set as the stop address and the address 
at which the amplitude value of the musical tone data after a specified state that is immediately 
prior to the specified state that has been detected becomes a specified value or above is set as the 
start address. In addition, it may also be set up such that the musical tone data that are between 
the start address and the stop address are automatically saved. 

[00101] In addition, in the preferred embodiments described above, the 
configuration is such that in the storage mode of the electronic musical instrument 1, the storage 
address that corresponds to the beginning position of each beat of the musical tone data that are 
stored in the ring buffer is stored in the beat address table 30. It may be set up such that there are 
cases in which the storage addresses that are stored in the memory (the RAM 4) are shifted due 
to optimization of the memory and the like; and, in those cases, the storage addresses that are 
stored in the beat address table 30 are updated in conformance with the shift. 

[00102] In addition, in the preferred embodiments described above, the musical 
tone data that have been stored in the ring buffer are saved to a saving region in the RAM 4, but 
embodiments may also include a storage medium such as a hard disk and the like in the 
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electronic musical instrument 1 for saving the musical tone data. In addition, in the preferred 
embodiments described above, the musical tones from a device that is connected to the input 
terminal are made the subjects of the sampling but the sampling may also be done of musical 
tones that are generated by the musical tone generator 9 in accordance with the keyboard 7 
performance. In addition, those musical tones may be mixed and sampled together with the 
musical tones that are input through the input terminal. In addition, in the preferred 
embodiments described above, the musical tone data have been stored to a ring buffer but 
embodiments may also provide that the performance data that have been input externally and the 
performance data that have been performed on the keyboard 7 are stored to the ring buffer in the 
same manner as the musical tone data and the reproduction and saving done in beat or bar units. 

[00103] In addition, in the preferred embodiments described above, the 
configuration is such that the start point cursor 90b, the end point cursor 90c, and the grid lines 
90d can be displayed or shifted in beat units. Instead of this, embodiments to may provide that it 
is possible for the display or shifting to be in bar units, which are units that are larger than beats. 
Since by making the breaks of the musical tone data bar units rather than beat units it is possible 
for the display or the shift to be in units that are musically consistent, this is convenient from the 
standpoint of editing work. 

[00104] Furthermore, embodiments may also provide that the display or shifting of 
the start point cursor 90b, the end point cursor 90c, and the grid lines 90d can be carried out with 
the beat units and the bar units used together. In this case, for example, if the grid lines 90 that 
indicate the beat position and the grid lines 90d that indicate the bar break position are displayed 
in states (for example, size) that are different, the beat position and the bar position can both be 
easily recognized. In addition, with regard to the start point cursor 90b and the end point cursor 
90c also, in embodiments where the operation in which the shifting is in beat units and the 
operation in which the shifting is in bar units are carried out as separate operations, a small shift 
in beat units as well as a large shift in bar units both become possible, and it is convenient from-n 
the standpoint of operation. In the preferred embodiments described above, in the case where the 
shifting of each of the point cursors 90b and 90c is done in beat units, the address change button 
82 is operated. Here, embodiments may also include that in order for the shifting of each of the 
point cursors 90b and 90c to be done in bar units, a separate shift button is provided and the 
address change button 82 is operated together with the shift button. 
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[00105] In addition, in the preferred embodiments described above, the beat 
position information (or bar break position information) is added for the musical tone data that 
have been recorded. Here, various kinds of applications can be proposed by means of the use of 
the beat position information (or the bar break information) that is added based on the preferred 
embodiments described above. For example, one set of data can be broken at beat positions (or 
bar break positions) based on the beat position information (or the bar position information) and 
divided into a plurality of sets of musical tone data, and the sets of musical tone data that have 
been divided can each be assigned to the individual pads that comprise the pads 92. Then, when 
the pads 92 to which each of the sets of musical tone data has been assigned are operated in the 
order that is desired by the user, it is possible to perform the original musical tone data in the 
desired order in beat units (or bar units). In other words, a new musical composition can be 
easily produced based on the existing musical tone data. 

[001 06] In addition, based on the preferred embodiments described above, by 
means of the use of the beat position information (or the bar break position information) that has 
been added, the musical tone data can be easily used as sequence track data. In other words, the 
musical tone data that are appended to sequence tracks in beat units (or bar units) can be easily 
synchronized and reproduced with the automatic performance data that are recorded to a separate 
track. 

[00 1 07] While particular embodiments of the present invention have been shown 
and described, it will be obvious to those skilled in the art that the invention is not limited to the 
particular embodiments shown and described and that changes and modifications may be made 
without departing from the spirit and scope of the appended claims. 
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